SUMMARY A 12 lead electrocardiogram was recorded during treadmill exercise in 57 patients with variant angina in whom coronary angiography was performed. Thirty six patients performed exercise tests with and without calcium antagonists, and 21 performed them only with calcium antagonists. In 55 patients calcium antagonists had prevented spontaneous attacks of variant angina for more than two days before the test. The other two patients were given a single dose of diltiazem (90 mg) two hours before the test. Exercise testing without calcium antagonists induced ST segment elevation with chest pain in nine patients, ST segment depression in 10 (nine with chest pain), and no important shift of the ST segment in 17. Five patients had severe coronary stenosis ( > 75 %) and all of them showed positive response. Thirty one patients had no important coronary stenosis and 14 of them showed positive response. The sensitivity of the exercise test in detecting a coronary stenosis > 75% was 100% without calcium antagonists but the specificity was low (55%). When the exercise test was done in patients taking calcium antagonists, only two (specificity 96%) of 48 patients without severe coronary stenosis showed positive response (elevation of ST segment in one and depression in another) whereas all nine patients with severe coronary stenosis had a positive response (depression of ST segment in six and elevation in three (sensitivity 100%).
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It is concluded that exercise testing with calcium antagonists may be a useful method for detecting severe coronary stenosis in patients with variant angina. (Fig. 4) .
Coronary angiography showed a 90% stenosis of the left anterior descending coronary artery. 18 positive tests. Figure 5 shows the prevalence of positive response in the three groups of patients with Fig. 4 Treadmill exercise test in the same patient as Fig. 3 . 9/11, 82% respectively). The sensitivity was also high (9/9). In most patients without important coronary stenosis ( > 75%) the exercise response changed from positive to negative after calcium antagonist and a higher pressure-rate product was attained.
PRESSURE-RATE PRODUCT ATTAINED ON EXERCISE TESTING
Nineteen patients showed a positive response to exercise testing without calcium antagonists. Figure  8 shows the pressure-rate product of each patient as well as changes in the product after calcium antagonists. With calcium antagonists the exercise tests resulted in a negative response in 13 ST segment elevation with chest pain developed during tests in four patients taking calcium antagonists. One case had a coronary stenosis of < 50%. It seems most likely that exercise induced the coronary spasm in this patient despite treatment with a calcium antagonist. In the other three patients, who had coronary stenosis of > 75%, ST segment elevation may also be an indication of the exercise induced coronary spasm. We do not know whether a higher dose of calcium antagonist would have abolished ST segment elevation in these patients. Exercise can provoke ST segment elevation with chest pain even when doses of calcium antagonists sufficient to abolish the spontaneous attack of variant angina are being taken.
Two patients had one 90 mg dose of diltiazem two hours before the exercise test and we cannot confirm that in these patients the spontaneous attacks were abolished. Both patients showed a true negative response. This single dose was high, but we saw no complications in these two patients or in the 10 patients who were given 90 mg of diltiazem before the test in addition to their daily doses. It would be useful to know whether the administration of a single large dose of calcium antagonist is sufficient to inhibit exercise induced coronary spasm.
Calcium antagonists reduce blood pressure and heart rate to various degrees, and thus they may decrease the pressure-rate product. A decrease in the pressure-rate product by calcium antagonist could have been responsible for the negative response to exercise tests. But the pressure-rate product increased significantly after calcium antagonists in those patients whose positive response to exercise became negative after calcium antagonists. This suggests that calcium antagonists improve the response to exercise not solely through reduction of myocardial oxygen consumption, but also through an improvement in oxygen supply either by inhibition of coronary spasm or by some other mechanism. In patients with severe coronary stenosis, however, the pressure-rate product remained low even after administration of a calcium antagonist. This indicates that in such patients doses of these antagonists that are large enough to inhibit spontaneous attacks of angina do not improve myocardial oxygen supply during exercise.
